An efficient procedure has been developed for obtaining similarity measures for complex acoustic signals in small birds. Birds were trained using operant conditioning procedures to detect changes in the repeating background of an ongoing sound. Response latencies for detection were used to construct similarity matrices. Multidimensional sealing procedures were then used to produce spatial rhaps of these complex sounds reflecting perceptual organization.
INTRODUCTION
The study of acoustic communication in animals often involves testing strategies aimed at inferring the animal's perceptual organization for complex communication signals. In animal psychophysics, for instance, the study of complex stimuli such as species-specific vocalizations, speech, or tone patterns, typically relies on a classification task where learning rates for different classes of stimuli or responses to intermediate and extreme forms of stimuli are compared (see, for example, Burdick and Miller, 1975; Kuhl and Miller, 1978; Zoloth et al., 1979; Sinnott, 1980) . Recently, in an effort to obtain a more direct measure of stimulus similarity among complex sounds, we trained budgerigars in a same/different task to discriminate among species-specific vocal signals. Response latencies from this task were taken as a measure of stimulus similarity and these similarity measures were then analyzed using multidimensional scaling techniques (MDS) (Dooling et aL, 1987b) . The MDS produces a spatial representation or "perceptual map" of complex stimuli where perceived stimulus similarity is represented by spatial proximity. Subtle perceptual relations among complex stimuli can often be described and quantified from such spatial plots.
One problem with the auditory same/different paradigm, however, is that the task is very difficult for animals, often requiring several months of training (Shyan et al., 1987; Dooling et al., 1987a) . We report here a much more efficient testing procedure for generating similarity data from animals suitable for analysis by multidimensional scaling and clustering routines. This procedure utilizes a repeating background or habituation paradigm rather than a same/different paradigm. With this procedure, we are able to train birds for testing in 2-4 weeks. This is much shorter than the 3-6 months required to train birds for the same/different task.
I. METHOD

Pt. Subjects
The subjects in this experiment were an adult male and female budgerigar (Melopsittacus undulatus) and an adult male and female zebra finch (Poephila guttata) housed in aviaries at the University of Maryland.
B. Stimuli
The stimuli in this experiment were contact calls recorded in the laboratory from four adult budgerigars and four adult zebra finches. Sonograms of these eight stimuli are shown in Fig. 1 . All stimuli were presented at a peak level of 72 dB SPL at the bird's head.
C. Apparatus
The birds were tested in wire cages mounted in sound- 
D. Training and testing procedures
The birds were food-deprived several hours prior to each training and testing session (Park et al., 1985) . The birds were trained to peck one key (observation key) repeatedly during the repetitive presentation of one sound (background) and to peck the other key (report key) when a new sound (target) was presented alternately with the background sound. A peck on the report key during this alternating stimulus pattern was defined as a correct response and was rewarded with a 4-s access to food. Two pure tones of 2 and 3 kHz were used as the two training stimuli and both served as a target and a background stimulus. Once the birds learned the task with pure tones, testing on a set of complex sounds began. A matrix of stimuli (background by target) was constructed and one row of background was randomly selected for testing from this matrix (Fig. 2) sessions, each lasting about 30 min, were required to complete three matrices.
E. Data analysi•
A median-latency matrix was constructed from the three raw-latency matrices. The upper and lower halves of the matrix were averaged to produce a single latency halfmatrix. This half-matrix was log transformed to compensate for the positively skewed distribution of.reaction times and then analyzed by a multidimensional scaling (MDS) procedure, SINDSCAL (Shepard, 1980 If the latency to detect the change from background A to target B is short, then the separation between A and B in a multidimensional plot will be large. On the other hand, if the latency to detect the change from A to B is long, then the separation between A and B will be small. In other words, stimuli having similar perceptual properties are in close proximity to each other in multidimensional space whereas stimuli having different perceptual properties are far apart. The data for the two budgerigars and the two zebra finches were analyzed separately to produce separate solutions for each species.
II. RESULTS
The two-dimensional spatial representation generated by SINDSCAL of the perceptual similarity among the eight contact calls is shown for the two budgerigars and the two zebra finches in Fig. 3(a) and (b) , respectively. The variance in response latency accounted for by the MDS solution was 66.9% for budgerigars with the first and second dimension accounting for 41.0% and 26.0%, respectively. For zebra finches, the variance accounted for by the MDS solution was 69.8% with the first and second dimensions accounting for 50.0% and 19.8%, respectively. These eight stimuli are clearly split into two groups for both species with budgerigar calls on the left and zebra finch calls on the right. This grouping of stimuli was confirmed with a complete linkage, hierarchical cluster analysis (Aldenderfer and Blashfield, 1984).
The first dimension accounts for the largest amount of variance in response latencies for both species. In other words, the most salient aspect of these stimuli for both budgerigars and zebra finches is the species difference in calls. Humans listening to these calls report that budgerigar calls sound high-pitched and whistled while zebra finch calls sound low-pitched and buzzy. This suggests that budgerigars, zebra finches, and humans may be using similar features to discriminate between species calls--an idea that could be tested with synthetic stimuli.
But these data also reveal other, more subtle, species differences. The cluster of conspecific (same species) calls in each plot is larger (more scattered) than the cluster of calls from the other species (less scattered). In other words, the differences among budgerigar calls are more salient for budgerigars than the differences among zebra finch calls while The habituation or repeating background paradigm has been used extensively in psychophysical tests with animals and human infants (see, for review, Gottlieb and Krasnegor, 1985). Here, we applied this habituation paradigm to two arian species using operant techniques. In the experiment we report, both species show an advantage for conspecific calls. This advantage suggests that each species might somehow be specialized for the perception of species-specific contact calls. If these species-specific results are indeed due to perceptual specializations, the extent to which these specializations are innate, or due to experience, remains to be determined but might be addressed using isolate-reared and devocalized birds.
The procedures described above should prove generally useful in a variety of other auditory testing situations especially those involving species comparisons and complex vocal signals. While we have applied these procedures to small birds, these same procedures should prove equally valuable for testing other species commonly used in auditory research (e.g., chinchillas, cats, monkeys } and, of course, human infants.
INTRODUCTION
In a recent article, • Meeks and Ting investigated the behavior of 0.5-mm-thick voided PVdF film with pressure. In the article they reported the response of the PVdF film to pressure pulses with peak pressure in the range 0-75 MPa and with rise times of 1-3 ps. They found that the measured value for the piezoelectric coefficient dh initially decreased as the number of pressure pulses to which the material was
